Abstract. A measurement of the inelastic proton-proton cross-section at centre-of-mass energy of √ s = 7 TeV using the ATLAS detector at the Large Hadron Collider is presented. Events are selected by requiring hits in scintillator counters mounted in the forward region of the ATLAS detector and the dataset corresponding to an integrated luminosity of 20 µb −1 . In addition, the total cross-section is studied as a function of the rapidity gap size measured with the inner detector and calorimetry.
INTRODUCTION
Measurements of the total pp and pp cross-sections and their theoretical understanding have been of great interest since the earliest days of particle physics. The cross-sections cannot yet be calculated by Quantum Chromodynamics and many approaches have been used to describe the existing measurements.
The measurement of the inelastic pp cross-section is presented using data taken by the ATLAS experiment at the Large Hadron Collider (LHC) at √ s = 7 TeV [1] . The data considered were collected during a single 8-hour fill in March 2010 with very low pileup corresponding to an integrated luminosity of 20.3 ± 0.7 µb −1
. Another low pile-up LHC fill from March 2010 corresponding to an integrated luminosity 7.1 ±0.3 µb −1 was used for the rapidity gap cross-section measurement [2] .
Both measurements use scintillation counters to detect inelastic collisions. The counters have acceptance nearly one for non-diffractive processes but are insensitive to diffractive dissociation objects with small invariant masses M X . The M X is the mass of the dissociative system with the highest mass. The acceptance corresponds approximately to ξ = M 2 X /s > 5 × 10 −6 , equivalent to M X > 15.7 GeV for √ s = 7 TeV. The cross-section measurement presented here is therefore restricted to this kinematic range. An extrapolation of the cross-section to the full ξ range (ξ > m 2 p /s, where m p is the proton mass) is performed to compare the ATLAS data with previous measurements.
In the second measurement the total cross-section is measured as a function of a rapidity gap. The rapidity gap ∆η is defined as the largest pseudorapidity region extending to the limits of the ATLAS acceptance at η = ±4.9 containing no final state particles above a transverse momentum cut p cut T . The cut p cut T is applied on tracks reconstructed in the inner detector and clusters reconstructed in the ATLAS calorimeters. Value of this cut varies between 200 and 800 MeV.
The PYTHIA6 [3] , PYTHIA8 [4] and PHOJET [5] generators are used to predict properties of inelastic collisions. These generators distinguish between different processes that contribute to the pp interactions: single dissociative (SD) pp → pX in which one proton dissociates, double dissociative (DD) pp → XY in which both protons dissociate with no net color flow between the systems X and Y and non-diffractive precesses (ND) in which a color flow is present between the two initial-state protons. The model by Schuler and Sjöstrand (PYTHIA6, PYTHIA8) predicts cross-sections of 48.5 (ND), 13.7 (SD) and 9.3 mb (DD). The PHOJET predicts the corresponding cross-sections of 61.6 (ND), 10.7 (SD) and 3.9 mb (DD). The relative contribution of diffractive (SD and DD) and ND processes to the total cross-section is a model dependent quantity and is constrained by the measurement. PHOJET also includes a 1.1 mb contribution of central diffraction (CD) processes pp → ppX in which neither proton dissociates.
THE ATLAS DETECTOR
The ATLAS detector is described in detail elsewhere [6] . The beam-line is surrounded by a tracking detector that uses silicon pixel, silicon strip and straw tube technologies and is embedded in a 2 T magnetic field. The tracking system covers the pseudorapidity range |η| < 2.5. It is surrounded by electromagnetic and hadronic calorimeters covering |η| < 3.2 which are complemented by a forward calorimeter covering 3.1 < |η| < 4.9. Minimum Bias Trigger Scintillator (MBTS) detectors, the primary detectors used in this measurement, are mounted in front of the endcap calorimeters on both sides of the interaction point at z = ±3.56 m and cover the range 2.09 < |η| < 3.84. The MBTS is divided into inner and outer rings both of which have an eight-fold segmentation. The MBTS is used to trigger the events analysed here.
The luminosity was measured using theČerenkov light detector (LUCID) which is located at z = ±17 m.
THE MEASUREMENT PROCEDURE
The total inelastic cross-section is calculated using the following formula
where N is the number of selected events, N BG is the number of background events, f ξ <5×10 −6 is the fraction of events that pass detector level criteria but have ξ < 5 × 10 −6 calculated on particle level, Ldt is the integrated luminosity and ε trig (ε sel ) is the trigger (offline event selection) efficiency. The ξ cut 5 × 10 −6 was chosen such that the efficiency of the MBTS is greater than 50 %. The N BG and ε trig are determined from data. The ε sel and f ξ <5×10 −6 are taken from Monte-Carlo (MC) simulation with tuned MBTS response to match the data. The relative diffractive dissociation crosssection f D = (σ SD + σ DD + σ CD ) /σ ND for each generator is constrained to reduce the uncertainties in the factors taken from MC. The offline event selection requires at least two MBTS counters with a signal over 0.15 pC (7.5σ noise ). The inclusive sample contains 1 220 743 data events.
Backgrounds due to beam-related interactions are determined using events collected with non-colliding bunches. The inclusive sample contains N BG = 1 574 ± 54 background events and includes also component which is due to in-time afterglow. The overall contribution of the background to the cross-section uncertainty is 0.4 %.
The measured value of ε trig is 99.98
+0.02
−0.12 % (stat. uncertainty). This value is obtained using randomly triggered events. A second independent trigger was used to obtain the systematic uncertainty. The systematic uncertainty of ε trig leads to 0.1 % uncertainty on the cross-section measurement.
The data and MC simulation agreement in the MBTS counter response is checked using other detector subsystems. The MC simulation is corrected to match the data efficiency and the maximum variation in the counter responses are considered as a systematic uncertainty. This results in a 0.1 % uncertainty on the cross-section measurement.
The offline selection efficiency ε sel depends on the amount of material traversed by particles before hitting the MBTS detector. The resulting systematic uncertainty on the cross-section coming from the detector material is 0.2 %.
The single-sided (SS) sample which contains events with activity only on one side of the MBTS is used to tune the fraction of diffractive events predicted by the MC generators. The measured ratio of SS events R SS is 10.02 ± 0.03(stat.) Other sources of uncertainties originating on the MC generators are the event multiplicity and distribution of the ξ variable. These uncertainties are calculated from differences between models used by the MC generators. Both uncertainties lead to 0.4 % uncertainty on the cross section.
RESULTS
The measured total inelastic pp cross-section at √ s = 7 TeV is σ inel ξ > 5 × 10 −6 = 60.3 ± 0.05(stat.) ± 0.5(syst.) ± 2.1(lumi.) mb. The quoted systematic uncertainty includes all contributions discussed above. The dominant uncertainty arises from the luminosity calibration and is quoted separately. The measurement is compared to theoretical predictions in Fig. 1(a) . The predictions by PYTHIA (66.4 mb) and PHOJET (74.2 mb) are higher than the result obtained from data.
In order to allow comparisons of the new result with previous measurements and theoretical models, the contribution of events passing the ξ cut to the inelastic crosssection is determined from models and used to extrapolate the measurement to the total inelastic cross-section. The models provide different dependence of the cross-section on ξ and give this fraction from 86 to 96 % while recent calculations yield values between 79 and 84 %. The value 87 % is taken as a default value with an uncertainty of 10 %. The resulting cross section is σ inel = 69.4 ± 2.4(exp.) ± 6.9(extr.) mb where 'exp.' includes the statistical and experimental systematic uncertainties including the (red filled circle) and extrapolation to full inelastic cross-section (blue filled triangle) are compared to prediction and data from several experiments [1] . (b) The ATLAS measurement of inelastic cross section excluding diffractive processes with ξ < ξ cut at √ s = 7 TeV compared with model predictions [2] .
luminosity uncertainty, 'extr.' is the extrapolation uncertainty. This result is shown in Fig. 1(a) . The extrapolated value agrees within the large extrapolation uncertainty with the prediction from PYTHIA. The theoretical models predicting a rise of the cross-section with collider energy is consistent with the measurement. When the total cross-section is plotted as a function of the rapidity gap, it exhibits an expected exponential fall-off followed by a diffractive plateau. One can integrate this rapidity gap cross-section from 0 to ∆η cut . An inelastic cross-section for different ξ > ξ cut intervals is obtained using a relation log 10 ξ cut = −0.45∆η cut −1.52. The results are shown in Fig. 1(b) . Both measurements of the cross-section at ATLAS are in good agreement within the uncertainty due to run-to-run luminosity measurement variations. The contribution to the total inelastic cross-section from the region ξ < 8 × 10 −6 is 14.5 +2.0 −1.5 mb. PYTHIA (PHOJET) predicts smaller contribution 6 (3) mb.
